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1 Introduction 





2 EMWIN/HRIT Prototype Solution Description 

2.1 System Overview  



2.2 Hardware Overview 



 

2.2.1 AID Front End 



2.2.2 AID Power Meter 



2.2.3 Power Consumption 

2.3 Software Overview 





L-band Signal

AID

Derandomization

Filter

Mixer/AGC

Phase Tracking

Matched Filter

Timing Tracking

Viterbi Frame Synch

Reed Solomon

Decompress

EMWIN/HRIT-R Receiver Applcation Visualization Application

Demux Packets

LAPTOP

Txt+image

AGC

DDS

M

IF ~137 MHz

SMA

20 MHz 

@ 

140MHz

SAW 

Filter

Altera Cyclone FPGA

F

I

F

O

A/D

USB

Signal Flow

64 MHz

24 MHz
LDO

3.3 V

USB Controller

5.0 V

DC Power



3 Hardware Description and Performance 

3.1 Hardware Design 

3.1.1 AID: Power Circuit 

3.1.2 AID: Clocking Circuit 
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3.1.3 AID: Signal Circuit 

3.1.3.1 AID: IF Sub-sampling  







3.1.3.2  Choosing the sampling frequency for the AID 

0

-137.5 137.5

1
Saw Filter

BW=20 MHz @ -140 MHz

-120-160

Saw Filter

BW=20 MHz @ 140 MHz

160120

0

-137.5 

2

64 MHz 64 MHz19 MHz

9.5

-73.5 -9.5 54.5 118.5 182.5

73.5 137.5 201.5-54.5-118.5-182.5

-201.5



1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48

x 10
8

-100

-95

-90

-85

-80

-75

-70

-65

-60

-55

Frequency in Hz

P
o

w
e

r 
in

 d
B

m

GRB

HRIT

-1.5 -1 -0.5 0 0.5 1 1.5

x 10
7

-100

-95

-90

-85

-80

-75

-70

-65

-60

-55

Frequency in Hz

P
o

w
e

r 
in

 d
B

m

INTERFERING

HRIT SIGNALS



3.1.3.3 AID: Filtering and Decimation 
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3.1.3.4 Implementation of a Digital Down-Converter on an FPGA 
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3.2 Hardware Performance  
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4 Software Description 

4.1 Software Frame Work 
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4.2 Frequency Acquisition 
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4.3 LRIT Transmitter Specifications 
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4.4 LRIT Software Receiver Architecture 
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4.5 EMWIN-N Transmission Specifications 
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4.6 EMWIN-N Software Receiver Architecture 
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4.7 Soft-Decision Viterbi Decoder 
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4.8 EMWIN-I Signal Specifications 
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4.9 EMWIN-I Software Receiver Architecture 
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4.9.1 Symbol Timing Acquisition 
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4.9.2 Symbol Timing-Tracking 
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4.10 The Data Link Layer 

4.10.1 EMWIN-N, HRIT and LRIT CCSDS Packet Processing 
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4.10.2 EMWIN-N Data Socket Output 



4.10.3 HRIT and LRIT Data Socket Output 

4.10.4 EMWIN-I Data Link Layer Processor 



4.10.5 EMWIN-I Data Socket Output 



5 EMWIN/HRIT Prototype Solution Performance 

5.1 Noise Performance 

5.1.1 Testing Methodology 

 

 

 

5.1.1.1 Testing Methodology for a Live Signal 
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5.1.1.2 SNR Definition 
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5.1.1.3 Testing Methodology for a Signal Generator-based Signal Source 

5.1.1.4 Testing Methodology Using a File Source 
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5.1.2 Noise Performance Results 



5.1.2.1 LRIT BPSK Results 
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Matlab Simulated Theory

File Source (fd=5 Khz, PhNo=4)

File Source (fd=20 KHz,PhNo=16)

Signal Generator

GOES-12 Live Feed



      Signal Generator

Eb/No FER Eb/No FER Es/No FER

2.7 1.60E-01 2.8 0.12 2.7 1.50E-01

3.2 1.40E-03 3.1 1.00E-02 3.1 8.00E-04

3.7 <1e-4 3.7 <1e-4 3.6 <1e-4

      Live Signal File Source Stressed



5.1.2.2 EMWIN O-QPSK Results 

5.1.2.3  
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Matlab Sim Theory

fd=1KHz,PhNo=0
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Eb/No FER Eb/No FER

2.9 2.00E-01 2.2-2.9 >1e-2

3.4 <1e-4 3.4-4.2 <1e-4

      Signal Generator       Live Signal (LA)

Eb/No FER Eb/No FER Es/No FER

2.7 1.00E-01 3.1 1.00E-01 3.1 1.40E-01

3.1 1.00E-02 4.1 1.00E-03 4.1 1.40E-02

3.6 <1e-4 4.6 <1e-4 4.6 <1e-4

Drift = 1 kHz Drift = 3 kHz Drift = 4 kHz

Eb/No FER Eb/No FER Es/No FER Es/No FER

2.7 1.00E-01 3.1 1.00E-01 3.1 1.00E-01 3.1 1.00E-01

3.1 1.00E-02 3.6 1.00E-03 3.6 1.00E-02 4.1 1.00E-03
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5.1.2.4 EMWN-I FSK Results 
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5.1.3  GOES-R Frequency Plan Noise Performance Tests 
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5.2 Throughput  
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Signal Samples/Symbol Single Thread Mult. Thread

LRIT 2 1030 Ksps 1890

EMWIN-N 11 191 ksps N/A



6 Appendix A: Software Design Document 

6.1 EMWIN/HRIT Software Solution Overview 



 

 

 

 

 

 

 

 

 



6.2 EMWIN-HRIT Visual Studio Project Description 

 

 

 

 

 

 

 

gr_agc_cc.cc



6.3 EMWIN-HRIT Solution Source Code Organization 

usrp1_source_c.cc. 

ar_freq_acq.cc

GOESprocessor.cpp

front_end_ctrl.cpp

main_emwin_hrit.cpp

freq_acq.cc bpsk_rx.cc viterbi_rx_bpsk.cc

ar_lirt_image_ sink.cc

GOESProcessor.cc

usrp1_sink_c.cc



bpsk_rx.cpp

viterbi_rx_bpsk.cpp viterbi_rx_bpsk.cpp

bpsk_rx.cpp

bpsk_rx.cpp

viterbi_rx_bpsk.cpp

6.4 EMWIN-HRIT Solution Signal Source Code Details 

6.4.1 Introduction to GNU Radio Syntax 

 

 

 

 

vector<gr_block_sptr> bpsk_blocks; 

bpsk_blocks

gr_block.cc. 

gr_agc_cc.cc.  

 

float agc_rate = 1e-5;

gr_agc_cc_sptr agc = gr_make_agc_cc (agc_rate, 10);



connect_blocks(block 1, output port, block 2, input port, block 

space). 

gnuradio.cpp

connect_blocks(phase_track, 0, match_filt, 0, d_blocks) 

d_blocks

d_blocks,

gr_single_threaded_scheduler_sptr scheduler =        

start_scheduler_thread(d_blocks, true); 

gr_single_threaded_scheduler.cc. 

6.4.2 Description of Source Code Functions 

Main()

usrp1_source_c.cc.

usrp1_source_c.cc

usrp1_source_c.cc,

Main()

usrp1_source_c_sptr           usrp_source;

usrp_source= usrp1_make_source_c ( which_board, decim_rate,nchan, mux,mode, 0,0,"","")



usrp_source->set_rx_freq (0,fc);

vector<gr_block_sptr> bpsk_blocks; 

freq_acq_config freq_acq_config0;

freq_acq_config0.Fs                =  config.Fs;

freq_acq_config0.Fc                = 0;

freq_acq_config0.resolution      = 50;

freq_acq_config0.freq_range     = 50e3;

freq_acq_config0.num_fft_avg  = 16;

freq_acq_config0.square_law    = true;

freq_acq_config0.fourth_law      = false;

//Configure USRP

freq_acq_config0.usrp_which_board  = which_board;

freq_acq_config0.usrp_decim_rate  = decim_rate;

freq_acq_config0.usrp_nchan        = nchan;

freq_acq_config0.usrp_mux          = mux;

freq_acq_config0.usrp_mode = mode;

freq_acq_config0.usrp_fc           = fc;

freq_acq acq(freq_acq_config0, false); 

acq.run();



vector<gr_block_sptr> viterbi_blocks; 

main()

bpsk_rx.cpp,

bpsk_demod()

bpsk_rx

bpsk_rx     bpsk_demod(bpsk_blocks, config); 

 

Main() get_input_block()

get_soft_output(), bpsk_config

main() bpsk_demod 

bpsk_config    config; 

config.Fs     = 64e6/decim_rate;      

config.bit_rate   = atoi(in_bitrate); 

     config.shaping_rolloff = atof(in_shaping_rolloff);     

config.PBW    = atof(PhaseBW); 

     config.TBW    = atof(TimeBW); 

     config.AGC    = atof(in_AGC); 

     config.vthresh          = atof(vit_thresh); 

     config.resynch_thresh       = atoi(resynch_thresh);   

     config.resynch_period       = atoi(resynch_period); 

   config.sink_data            = atoi(sink_data); 

main()

  Main() usrp_source

lrit_filter

main()

bpsk_rx.cpp

connect_blocks(usrp_source,      0, lrit_filter, 0, bpsk_blocks);

connect_blocks(lrit_filter, 0, bpsk_demod.get_input_block(), 0, bpsk_blocks);

connect_blocks(agc, 0, phase_track, 0, d_blocks);

connect_blocks(phase_track, 0, match_filt, 0, d_blocks);

connect_blocks(match_filt, 0, timing_track, 0, d_blocks);

connect_blocks(timing_track, 0, slicer_real, 0, d_blocks);



bpsk_modem.h

get_input_block(),

get_soft_output().   

viterbi_dec() viterbi_rx 

viterbi_rx  viterbi_dec(viterbi_blocks, configV); 

viterbi_config configV; 

configV.AGC     = atof(in_AGC); 

configV.resynch_thresh          = atoi(resynch_thresh);      

configV.vthresh                 = atof(vit_thresh); 

configV.resynch_period          = atoi(resynch_period); 

configV.socket_flag             = atoi(in_socket);  

viterbi_blocks

bpsk_blocks

main()

 

 

connect_blocks() bpsk_blocks

connect blocks() viterbi_blocks.

connect_blocks()

buff_sink buff_source

bpsk_blocks viterbi_blocks

viterbi_bpsk_rx.cpp

 

connect_blocks(viterbi_decoder,    0, viterbi_bytes, 0, d_blocks); 

connect_blocks(viterbi_bytes,      0, lrit_sink, 0, d_blocks);

connect_blocks(bpsk_demod.get_softout(), 0, buff_sink, 0, bpsk_blocks);

connect_blocks(buff_source, 0, viterbi_dec.get_input_block(), 0, viterbi_blocks);



viterbi_decoder viterbi_bytes

main() viterbi_blocks

bpsk_blocks

gr_single_threaded_scheduler_sptr       scheduler = 

start_scheduler_thread(bpsk_blocks, true); 

gr_single_threaded_scheduler_sptr       scheduler_viterbi = 

start_scheduler_thread(viterbi_blocks, true);

main().



7 Appendix B: Hardware Implementation 

7.1 Overview 

7.2 Aerospace IF Digitizer Layout 
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Filter
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7.2.1 Components 

Device Part # Supplier # Price 

USB 
Controller CY7C68013A-100AXC 

http://www.mouser.com/cypre
ss 1 $8.28 

FPGA EP1C6-Q240 http://www.altera.com 1 $15.50 

FPGA EP1C12-Q240C8 http://www.altera.com 1 $35.50 

ADC LTC2226  1 $4.55 

AGC(Digital) AD8367(45dB range) http://www.analog.com 1 $5.88 

Crystal 
(24MHz) XC742CT-ND http://www.digikey.com 1 $0.43 

Crystal 
(64 MHz) CWX813 1 $1 

Transformer MA/COM1-1-13(balun) www.macom.com 1 $0.90 

EEprom 24LC02B/ST http://www.digikey.com 1 $0.22 

BPF(SAW) TB0320A/TB0203A/TB0438A http://www.golledge.com 1 $12.77 

LDO 3.3V 
(1A) TPS78633KTTT http://www.ti.com 1 $2.80 

DC-DC LM3671MF-1.5 http://www.national.com 1 $1.50 

DC-DC PT5521-1.5(1.5A) http://www.ti.com 1 $15.00 

Capacitor Various Capacitors http://www.digikey.com 104 $8.32 

Resistor Various Resistors http://www.digikey.com 30 $0.41 

Inductor(HP) CDRH5D18NP-1ØØN http://www.digikey.com 1 $0.46 

Inductor MI1206K601R-10 http://www.digikey.com 4 $0.07 

Transistor 2N2907 www.mouser.com 1 $0.23 

SMA J500-ND http://www.digikey.com 2 $2.54 

Fuse(500mA) P11361TR-ND http://www.digikey.com 1 $0.11 

LED L62405CT-ND http://www.digikey.com 2 $0.16 

USB 
connector WM17113-ND http://www.digikey.com 1 $0.40 

JUMPER A26228-ND http://www.digikey.com 5 $0.15 

Board 4 layer 4"x4"(1K, 4weeks) http://www.4pcb.com 1 $5.86 

Population Board Ingko@dec-assembly.com 1   

Power fem. 
Con WM4900 http://www.digikey.com 1 $0.39 

Power male 
Con WM2900 http://www.digikey.com 1 $0.19 

    Total   $76.61 

http://www.mouser.com/cypress
http://www.mouser.com/cypress
http://www.altera.com/
http://www.altera.com/
http://www.analog.com/
http://www.digikey.com/
http://www.macom.com/
http://www.digikey.com/
http://www.golledge.com/
http://www.ti.com/
http://www.national.com/
http://www.ti.com/
http://www.digikey.com/
http://www.digikey.com/
http://www.digikey.com/
http://www.digikey.com/
http://www.mouser.com/
http://www.digikey.com/
http://www.digikey.com/
http://www.digikey.com/
http://www.digikey.com/
http://rocky.digikey.com/scripts/ProductInfo.dll?Site=US&V=17&M=382811-8
http://www.digikey.com/
http://www.4pcb.com/
http://www.digikey.com/
http://www.digikey.com/


7.2.1.1 Clocking  

7.2.1.2 Power 

7.2.1.3 ADC 

7.2.1.4 AGC  

7.2.1.5 Power Measuring Circuit 



7.2.1.6 SAW filter  

7.3 Hardware-Software Interface 

7.3.1 Loading the USB and FPGA Firmware  

usrp_source = usrp1_make_source_c 

(which_board,decim_rate,nchan,mux,mode, 0,0,"","")  



7.3.2 USB Controller Firmware 

7.3.3 FPGA Firmware 

fpga_reg_commons.h fpga_reg_standard.h



usrp_source-

>write_io(which_board, 0x0900, 0x0c00)

 

7.3.4 GNU Radio Files Associated with Hardware Instantiation 

à à à à

à

usrp1_make_source_c (which_board,decim_rate,nchan,mux,mode, 0,0,"","") 

[defined in usrp1_source_c.cc] 

http://gnuradio.org/doc/doxygen.html


usrp_standard_rx(which_board,decim_rate,nchan,mux,mode, 0,0,"","") [defined 

in usrp_standard.cc]

 

set_decim_rate (decim_rate) [defined in usrp_standard.cc] 

  int v = has_rx_halfband() ? d_decim_rate/2 - 1 : d_decim_rate - 1; 

  bool ok = _write_fpga_reg (FR_DECIM_RATE, v); [defined in usrp_basic.cpp] 

fpga_reg_commons.h 

usrp_write_fpga_reg (d_udh, regno, value) [defined in usrp_prims.cc] 

usrp1_fpga_write (udh, reg, value); [defined in usrp_prims.cc] 

   

  buf[0] = (value >> 24) & 0xff; 

  buf[1] = (value >> 16) & 0xff; 

  buf[2] = (value >>  8) & 0xff; 

  buf[3] = (value >>  0) & 0xff; 

   

  return usrp_spi_write (udh, 0x00 | (regno & 0x7f), 

    SPI_ENABLE_FPGA, 

    SPI_FMT_MSB | SPI_FMT_HDR_1, 

    buf, sizeof (buf));  [defined in usrp_prims.cc] 

 

SPI_ENABLE_FPGA

usb_control_msg (udh, requesttype, request, value, index, 

      (char *) bytes, len, 1000);



fpga_reg_standard.h

7.4 Aerospace RF Digitizer Overview  
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8 Conclusion 



9 Acronym List 
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